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Introduction
How does consumer use of Information and Communications Technologies (ICTs) affect non-ICT based activities? The role of ICTs as inputs into the production has been studied in some depth. The subject matter ranges from skills-biased technical changed, the development of e-commerce, and even telephone calls facilitating planning. Increasingly, entertainment applications are being developed for ICTs that directly affect consumer preferences and crowd out non-ICT based activities (e.g. social media such as Facebook and Twitter). With unit sales doubling every decade, one of the fastest growing ICT entertainment applications is playing video games. Video game sales are over $10 billion in the US and approach $20 billion globally in 2011, turnover amounts that rival those of the movie industry.
Besides pecuniary costs, consumer participation in video game playing takes time. A typical game may take 20-40 hours before the gamer has "beaten" the game. As yet another entertainment choice, this time could crowd out time spent on alternative entertainments, such as television, movies, and sports. However, since video games predominantly appeal to a younger demographic segment, they have the potential of crowding out time devoted to human capital investments such as class attendance, study time and time spent doing homework. If so, the social cost of the increased time spent playing video games could be lower productivity future workers.
I exploit the American Time Use Survey (ATUS) to document the time use substitution patterns related to video gaming. For the period from 2005-2009, the ATUS includes complete diaries of over 50,000 respondents' time use over a given 24 hour period. The ATUS includes over 100 separate possible activities on which respondents could spend their time. These activities include time spent playing games as well as time spent going to classes, doing homework, watching television, using a computer, and many other activities. However, any raw association between gaming time and, say, homework time could reflect reverse causality. For example, low ability students spend less time on homework and, thus, select into playing games for more time.
To address this problem of interpretation, I adopt an instrumental variables approach to identifying a plausibly causal relationship. This is accomplished by merging information about the popularity of games on the market in a given week. Specifically, I first show that video gaming time is positively related to the volume of sales of video games in the previous week.
Gamers prefer new games of high quality. If the recently released games are of superior quality, gamers purchase them and spend more time playing them. This allows me to examine the time spent on alternative activities due to changes in time spent on video game using video game sales as an instrumental variable for time spent gaming. This way, I am more confident that the weekto-week change in time spent video gaming is due to changes in the popularity of the currently available games and not due to the attributes of individual survey respondents.
The results indicate that video gaming time comes from a variety of other activities. The entertainment activities to be crowded out the most are television viewing followed by computer use. However, for every hour of additional video gaming time, the time respondents spent either in class or doing homework falls by almost half an hour. It is not clear how valuable the marginal hour of educational time is for human capital accumulation. However, it appears that, on the margin, respondents are sacrificing some investment in human capital for entertainment consumption. If so, current video gaming at could eventually lower future worker productivity.
Video games are just one of the growing entertainment uses of ICTs. Time spent on social media is also rising steadily. It is possible, and perhaps likely, that these other uses have similar crowding out effects for time spent in educational endeavors. Parents who want to foster the education of their children may need to exercise restrictions on their children's video game usage as well as other ICT based entertainment activities. In one sense, the situation is not too different from parents restricting their children's television viewing over the past half century.
Method

A. Identification
The substitution between time spent on video game playing and time spent on other activities is identified using variation in video game sales from week to week. New video games are constantly being introduced and quickly fade in popularity. Moreover, video game quality is highly heterogeneous. As a result, there is considerable week-to-week variation in the desirability of the games currently available. When the currently available games are more popular, as indicated by recent sales volume, the amount of time spent playing games is expected to increase.
The time use data include observations of different individuals for every day over multiple years. Individuals are not sampled at multiple points in times precluding the use individual fixed effects. However, otherwise similar individuals in two different periods would react similarly to the availability of current games of higher quality. Thus, the popularity of the currently available games is likely to induce a behavioral response in the gaming activity of those with a propensity to lay video games.
A potential negative association between video game play and other activities may be due to selection of individuals with different preferences as well as a causal result of videos on behavior. It can be expected that, say, teenagers who are poor students and enjoy who video games will select into spending less time on homework and more time on video games. Other teenagers who are good students without strong video game preferences will tend to select into relatively more time on homework and less time on video games. This will tend to induce a negative correlation between homework time and video game time due solely to differences in preferences across individuals. Thus, video games, per se, were not the cause of the diversion of time from studies to gaming.
The availability of popular games is likely not related to the selection of individuals with differing preferences into video game playing at the expense of other activities. The data on time use includes individuals sampled on every day over multiple years. The data on video game sales vary from week-to-week. The main identification assumption is that the incidence of individuals of differing preferences for video games and activities they potentially substitute for are independent of the week-to-week variation in video game sales. The inducement of individuals into gaming by high quality, popular games occurs to varying degrees to any individual with some propensity for playing video games. These considerations amount to an exclusion restriction for game sales into any non-gaming activity:
where i and t index individuals and time periods and k indexes alternative activities.
B. Specification
We seek to understand the impacts on a variety of activities from increased time spent on video games as well as from other control variables. However, these activities usually take on both extensive and intensive margins of adoption and intensity. Importantly, the factors that lead to the choice of whether to partake in an activity or not need not have the same effect on the choice of how much time to spend in the activity. One can view the minutes that one spends in an activity as non-negative valued count data but with many more "zero" values than would be predicted from a traditional Poisson or negative binomial specification. The zero-inflated negative-binomial variant of a hurdle model is adopted to account for possible differences in the adoption and usage decisions. Operationally, this implies two estimating equations for each relationship:
where F is the standard logit distribution and H is the negative binomial distribution. With this specification, the marginal effect of any covariate in the logit equations is estimated independently from the marginal effect of the same covariate in the negative binomial equation.
However, it is still possible to combine the estimated extensive and intensive effects to calculate the overall marginal effect of the covariate on the activity.
This specification raises an issue for the hypothesis testing regarding the effect of gaming minutes on other activities. Because of the identification restrictions imposed by equations (1),
GameMin it is an estimated generated regressor and has a non-zero variance. The coefficient estimates from the second stage will typically have larger standard errors than those based on the usual Student's t distribution. Relying on them may lead one to reject the null hypothesis of a no effect when in fact the effect is not different from zero.
In the usual exclusion restriction identification strategy, as used here, information from the identifying equation is used to adjust standard errors. This adjustment has not been developed for the zero-inflated negative-binomial estimator. Instead, I report standard errors and preform hypothesis tests based on bootstrapped standard errors that will tend to mitigate this issue.
Data
The primary data used is the American Time Use Survey (ATUS). A growing literature that is based on the ATUS tackles many disparate subjects. Connolly (2008) examines laborleisure tradeoffs from inclement weather. Agular and Hurst (2007) show that a doubling of time spent shopping reduces prices paid by 7-9 %. Kalenkoski, Ribar and Stratton (2007) examine how family structure affects the time mothers and fathers spend on primary and passive child care and on market work. Sen (2012) shows that increased costs of driving due to higher gasoline prices can increase the physical activity levels of those affected. Price (2008) finds that firstborns receive more quality time with parents than second children. All adults within a household have the same probability of being selected. The ATUS collects over 1,000 diaries per month with some coverage of every single day. The ATUS respondent describes each activity (such as sleeping or watching television) over a 24 hour period to an interviewer which is ultimately coded to a three-tier scheme, going from broad top-level category to finer sub-categories. For each episode, the ATUS collects either the ending time or the duration of the activity.
For this study, data on specific likely substitute activities is collected over a period spanning [2005] [2006] [2007] [2008] [2009] . I use sub-categories associated with playing games, watching television, using the computer, reading, doing homework, and going to class. The time coded as playing games includes "playing computer, board, or card games" and so includes activities other than playing video games. However, the identification strategy outlined above will tend to isolate the change in time spent in this activity due to increased video game sales which is likely to be dominated by playing video games. figure 2 , describing weekly video game sales, is the importance of seasonality, primarily due to purchases as Christmas gifts. Nevertheless, figure 2 also indicates much weekto-week variation in video game sales not related to seasonality. This variation will be key to the identification of changes in video game time use. The main difference between the first and second specifications is that the first includes only video games sales in the prior week while the second includes this along with various interactions to measure potential differences in the marginal effects of popular games on different populations. In the first specification, video game sales are shown both to increase the number of minutes played conditional on playing and to decrease the probability of not playing at all. The implied marginal effect of a one standard deviation in video game sales calculated at the average sample values is to increase game playing by 1.25 minutes or by about 10%. This effect is significant both statistically and economically. Even though the time use variable includes all gaming, this increase is likely to be due to increases in video gaming and not to other forms of gaming. In the second specification, the most of coefficients related to video game sales are not individually significant but unreported tests indicate that they are jointly significant. As expected, this specification indicates that video game sales have a stronger effect on those aged 15-22. Since all survey respondents are 'treated' with the same 'exposure' to changes in sales, these effects are likely not due to selection into gaming. Instead, this is more likely to represent changes in behaviors due to the current prevalence of higher quality games.
Results
First
Second stage results for activities related to human capital investments are reported in Because this variable is a generated regressor, it has a non-zero variance causing the actual standard errors to be greater than those reported by standard regressions. To address this, tables 4
and 5 report bootstrapped standard errors based on 200 repetitions. The main results found here are that increased video game time significantly decreases the probability that a student will attend class or engage in doing homework and decreases the time spent on homework. These are relatively large. Table 6 calculates the time diverted for various activities due to an additional time playing video games calculated at sample averages. Each additional hour of video gaming leads to a 0.29 hour (17 minute) reduction in class attendance and to a 0.14 hour (8.4 minute) reduction in study time.
Video gaming time diverts time away from other entertainment activities as well as from human capital investments. Table 5 
Conclusion
The continuous advent of new technologies will tend to lead to the declining use of older technologies. Likewise, to the extent that these technologies engender engaging and entertaining activities, they will likely displace time spent in alternative activities. Some of these displaced activities will be other entertainment activities such as television viewing or computer use.
However, some of these activities could be related to the development of human capital such as class attendance and doing homework. This paper finds evidence that both educational and noneducational activities are displaced by one such entertainment technology. Video games are likely to lead to somewhat lower levels of human capital accumulation. In light of this, parents and policy makers may prefer to devise new methods to ameliorate these effects. To some extent, this is similar to the decades-old debate on the effect of television viewing on children's study habits.
It is possible to develop a rough estimate of the effect of video games on over a decade. There are at least two problems with interpreting this estimate of video game time effects.
First, it is not clear how valuable the marginal minute is for human capital accumulation. Surely, there is a return to time spent studying on educational outcomes and eventual earnings potential.
However, the last 10 minutes are likely much less than the average 10 minutes. Second, the underlying reason for the increase in video game usage may also apply to education. Video games are increasingly becoming popular due to improvements in computer technology.
Computer technology could be increasing the productivity of time spent on human capital investments. However, the best evidence on this effect is ambiguous (see Fuchs and Woessman, 2002 , Angrist and Lavy, 2002 , and Belo et al., 2010 . Video Game Sales Over Time 
